Due to the inherent property of concrete being very weak in tension, efforts have been made to overcome this deficiency by adding various type of fibers like carbon fiber reinforced polymer (CFRP), glass fiber reinforced polymer (GFRP), polypropylene fiber (PPF) and stainlesssteel fiber (SSF) smeared into the concrete mix. The present study involves experimental investigation on the use of GFRP, CFRP and SSF fibers alone or as combination to improve the mechanical properties of concrete. Furthermore, concrete cylinders were cast and tested for compression and tension using 10% fly ash as cement replacement in all specimens. Besides fiber material types, fiber reinforcement ratios of 1% and 1.5% were tested to investigate the mechanical properties of concrete. In all concrete cylinder tests, the fiber reinforcement ratio of 1% had a significant contribution in increasing the tensile strength as oppose to compressive strength. As a result, the tensile and compressive strengths were increased by 26% and 11%, respectively as compared to the control specimen. Increasing the fiber reinforcement ratio from 1% to 1.5%, resulted in diminishing the mechanical properties of concrete. However, reduction in concrete compressive strength was more prominent than the tensile strength. Furthermore, it was observed that, the crack propagation was decreased with the increase of fiber content when compared to the control specimen.
Introduction
Demand of using fiber reinforced polymer (FRP) materials has been increased widely thorough out the world in the past few decades. FRP materials have nu- merous applications, including transportation and construction projects. The composites industry is now producing a wide range of FRP products such as strips, sheets, laminates, bars, pultruded members, sandwich panels and piping.
In addition to recycled materials i.e. silica fume, fly ash, blast furnace slag and baggase ash that are used as cement replacement in concrete mix, smeared fibers can also improve the mechanical properties of cement concrete. Fiber reinforced concrete (FRC) is basically made of hydraulic cements, aggregates, and discrete reinforcing fibers. Suitable reinforcing fibers for concrete include steel, and organic or synthetic fibers. Concrete mixture consists of cement, sand and aggregates normally proportioned in different ratios based on particular applications.
Fiber reinforced polymer can be added to the concrete mix to improve long-term serviceability of reinforced concrete (RC) structures if the mix is properly designed (ACI Committee 544 report). The addition of fibers in concrete reduces crack width, thus increasing the durability of the concrete structures. As compared to normal strength concrete, fiber-reinforced concrete is much stronger and more resistant under extreme loading and enhances the energy absorption capability and stiffness of the material. However, it also increases the tensile as well as the flexural strength of concrete. To reduce the impact on the environment and to reduce the cost, recycled materials are used as substitutes for cement in the concrete mix. The recycled waste materials consist of silica fume (SF), fly ash (FA), blast furnace slag (BFS), rice husk ash (RHA) and sugarcane baggase ash (SCBA). The engineering advantages of mixing fiber in cement concrete improve the stiffness, fracture, fatigue resistance, flexural strength, compressive strength, impact resistance, thermal crack resistance, and shear strength.
The improvement in such properties depends both upon the amount and the type of fiber used [1] . Addition of fibers in concrete increases the mechanical properties such as compressive strength, split tensile strength and flexural strength up to a considerable limit [2] [3] . They also found that upto some extent fiber was effective giving noticeable increase in strengthening the mechanical properties of concrete. However, further increase in fiber content was found to be ineffective. Addition of fibers in higher volume fractions reduces the workability of concrete mix [4] [5] [6] . Plain concrete is a brittle material and fails suddenly. Adding fibers to cement concrete mix changes its brittle mode of failure into a more ductile one and improves the concrete ductility. In the work carried out [3] , it was observed that a slow propagation of crack occurred in fiberly reinforced as compared with the traditional concrete, which indicated a ductile failure mode in fiber reinforced concrete, whereas the quick propagation of crack in plain concrete showed brittle failure. Other than fibers, supplementary cement materials are incorporated or at the same time replaced with cement.
Karahan [7] worked on the durability properties of concrete containing polypropylene fiber and fly ash. According to his experimental investigations, addition of fiber in concrete and fly ash as cement replacement reduced the density of concrete. However, incorporating fly ash in concrete improved the workabili- The further information regarding the supplementary material used in this experimental work is explained as follow.
Fly Ash
Fly ash is a residue generated from burning pulverized coal in electric coal power not all, Class F ashes will only react with the byproducts formed when cement reacts with water [15] . Class F fly ash was used in this research work.
Present Investigation
In the present work, fibers ranging in 15 to 25 mm in length are used in preparing concrete made with fly ash replacing cement by 10%. Fibers act as a secondary reinforcement mainly to contribute in improving both compressive and ten- Cement used during this work was freshly made and recently purchased ensuring that the cement used was not old or expired. Physical tests of cement were also conducted the details of which are given in Table 1 .
Fly Ash
Fly ash used in this experimental work was obtained from Kuhlman corporation situated in the vicinity of Toledo in Ohio. The chemical composition of cement and fly ash is shown in Table 2 .
Coarse and Fine Aggregate
Locally available course aggregate material was used in preparation of all concrete specimens. Water absorption test for course aggregate was conducted for 24 hours and was found the aggregate absorbed water only 1 percent. Similarly, locally available river sand was used as fine aggregate. Sieve analysis was conducted for both materials and was brought to the required size. Tests regarding Table 3 .
Mixing Water
Potable water was used in the concrete mix during preparation of specimens. The potable tape water from the concrete lab of the University of Toledo was tested which gave an average pH value of 7.1. Therefore, the tape water was found fit for our experimental work.
Fibers Used
Three different fibers, carbon fiber reinforced polymer (CFRP), glass fiber reinforced polymer (GFRP) and stainless steel fiber (SSF) were used during this experimental work. GFRP and CFRP were obtained from Owens Corning Toledo, Ohio, whereas stainless steel fibers (SSF) were attained from mechanical department workshop at the University of Toledo. The size of all mentioned fibers was in the range of 15 to 25 mm in length.
Methodology
All the specimens cast were done by following ASTM standards and the ratio for cement, fine aggregate and coarse aggregate used was 1:2:4. Dimensions of cylinder specimens were 150 mm in diameter with height of 300 mm. The procedure was done in three different phases the detail of which is given under. After preparing the control concrete specimens, cement was replaced by 10% of fly ash and 1% of fibers by weight of cement which was smeared in concrete mix. 
Experimental Work & Tests
The experimental work during this research activity was carried out in the concrete laboratory of civil engineering department at the university of Toledo, Ohio. Different tests regarding concrete and sand were conducted the details of which are given as under [19] [20] [21] .
Slump Test
Slump test was conducted for all the batches of mix design. The results of which are given in Table 4 .
Fineness Modulus of Sand
One Kg of sand was used to perform the sieve analysis as per ASTM C33. The fineness modulus of sand was calculated using the given equation; 
Analysis of Test Results & Discussion
At first concrete specimens of conventional concrete as bases for comparison were cast. The concrete made by replacing cement and adding different fiber dosage reveled positive result showing increase in the mechanical properties of concrete when compared with the control one. Marked strength has been achieved in the concrete made by replacing cement with 10% of fly ash and by adding 1% of hybrid fibers. Addition of fibers significantly reduced the strength of concrete at curing period of 28 days.
Compressive Strength Results
Compressive strength test was done by using Tinius Olsen compression machine in concrete lab at the university of Toledo. The machine and specimen test setup can be seen in Figure 1 . It can be observed from Figure 2 , that the maximum compressive strength has been achieved when 1% of fibers added either separately or combined in the concrete mix. Sudden reduction in compressive strength was observed when higher dosage of fibers is added. It shows that the fibers are effective up to certain limit in enhancing the overall mechanical properties of concrete. Slight increase in compressive strength was achieved when one or more fibers added together. However, comparing with the control specimen the maximum strength obtained at 1% addition of hybrid fibers is 11% more (Table 6 ). 
Tensile Strength Results
Split tensile strength test was also done using Tinius Olsen compression machine in concrete lab at the university of Toledo. The test setup and specimen crack pattern can be seen in Figure 3 . Figure 4 shows split tensile strength results of concrete specimen after the curing period of 28 days. As compared to the control specimen, the results obtained are quite significant. Maximum tensile strength obtained was by adding 1% of hybrid fibers such as carbon fiber reinforced polymer (CFRP), glass fiber reinforced polymer (GFRP) and stainless steel fibers (SSF) in combination. The maximum tensile strength obtained was 26% more than the control specimen.
Fibers used beyond 1% showed sudden reduction in tensile strength of concrete.
It shows that the fibers are effective up to certain limit in enhancing the overall mechanical properties of concrete (Table 7 ).
Crack Patterns and Failure of Specimens under Compression and Tension
During the experiment, the initiation of the propagation of the cracks was observed before and after testing each specimen. Under the compression test, the cracks were mostly combination of inclined and vertical cracks along the height of cylinder. Crack initiation and propagation were different in specimens made with various fiber ratios. When different fibers were added in the concrete mix, less cracks were developed as compared to the control specimen. The failure pattern and development of cracks in specimens under compression can be observed in Figure 5 .
Similarly, the specimens were tested under split tensile strength test. All the specimens were put horizontally to split them apart and to get the tensile strength. Tensile cracks in each specimen was initiated at the top and propagated to the bottom of the cylinder cross-section. Most of the cracks observed were vertical and can be seen in Figure 6 . The crack width of each specimen was measured using Vernier caliper, the detail of which is given in Table 8 . Table 8 . Split tensile crack width. 
Observations
In this experimental work, it was observed that by adding fibers in concrete is by far better than the control concrete specimen. It became obvious that 1% fiber reinforcement ratio was the optimal percentage in this study to enhance the mechanical properties of concrete. The 1% fiber reinforcement ratio threshold was also observed by [22] [23] . In general, concrete is inherently weak in tension, and to enhance the tensile strength fibers contribute at significant degree.
This shows that, fibers made the cement concrete possible to behave up to some extent while undergoing tensile forces. Furthermore, it was observed that fibers showed post crack ductility which is nearly impossible in plain concrete specimens. The tested specimens were still strong enough since the fibers were holding the whole concrete mix together. It can be observed in Figure 7 that, cracks in control specimen are more severe compared to specimen made with hybrid fibers showing hair line cracks. 
Recommendations
1) There is a need to conduct elaborative research work on different fiber sizes and their effect on crack propagation.
2) Proper investigation regarding the behavior and reduction in the overall strength of concrete with further addition of fibers needs to be carried out. 
Conclusions
The work done during this experiment is focused mainly on the mechanical properties of concrete, i.e. compressive and tensile strength by using 10% of fly ash as cement replacement and added fibers as reinforcement in the concrete mix. The results revealed that, fibers in concrete, increase both compressive and tensile strengths of tested concrete cylinders after the curing period of 28 days.
More specifically the following conclusions are drawn:
1) The maximum compressive strength of concrete specimens made by replacing cement with 10% of fly ash and adding 1% of fibers increased the compressive strength of concrete by 11% when compared with the control specimen.
2) Similarly, the maximum tensile strength of concrete specimens made with replacing cement by 10% fly ash and adding 1% fibers enhanced the tensile Open Journal of Composite Materials strength of concrete quite significantly. The increase in tensile strength obtained was 26% more than the control specimen.
3) It was also observed that using fly ash and fibers particularly with higher reinforcement ratio of 1.5% reduced the workability of concrete. However, the workability could be enhanced by using admixtures i.e. air entraining, super plasticizers etc. 4) Fibers helped in enhancing the post crack ductile behavior which is almost absent in plain cement concrete. While testing the concrete specimens, it was observed that the fibers hold the concrete matrix up to considerable limit after being cracked not allowing the aggregates to disperse when tested. 5) Cement concrete made with 10% of fly ash as cement replacement and with 1% fiber reinforcement ratio shows that potentials to not only enhance the mechanical properties of cement concrete, but also will result in reduction in maintenance and life cycle cost and the impact on the environment.
